The impact of land use and climate changes on aquatic systems has been the topic of numerous scientific studies because many symptoms have been observed [flows disturbance, content organic carbon and nutrients (P, N) increase, rising of water temperature, generally accompanied by oxygen depletion, acidification and eutrophication]. The goal of this work is to show the direct impact of the land use change observed and climate change on the Loire watershed of France (117,500 km 2 ), caused by a considerable reduction in farming activity over the past 30 years. The investigation of three dates of Landsat images (1985, 2000 and 2013) allows the detection of the closure landscape and the substitution of grassland by trees, especially in the high areas. Then, the WAMRF (hydrogeochimical model) is applied to calculate the water flows under these new land use and climate conditions. This first step is followed by a predictive phase prior to measuring the evolution of flows over the next 20 years. The results show a clear decrease of the flows during the simulation period (1985 to 2013) which is around 20% to the 2030. In fact, these observations can be related to the enclosure landscape caused by the rural exodus and forest development registered in France since 1970 and the warming by climate change.
Introduction
France, as well as other European countries, recorded significant changes in its population on demographic plans and especially mutations. Indeed, agricultural areas have indicated an important evolution of land use over the last 30 years, in particular for the remote areas. The stigmas of the evolution in 1960s were confirmed. It was due to mostly by changes in vegetation plan that gradually moves from the farmland to the forest areas. These changes were accompanied by the gradual closure of landscapes, which usually marked by a colonisation of forest species (conifers, deciduous, …). In parallel, urban areas, especially large cities have an important development.
In plain region, it is especially the exodus of rural areas that account for a large part of these phenomena. Faced with this dynamic, managers indicate that the current management tools are still not enough to address the issues due to lack of means of forecasting for future trends.
However, all conclusions are consistent with a disruption of the hydrological and chemical dynamics of ecosystems. These affect the environment on both the abiotic and biotic component: reduction of benthic fauna of water bodies, higher levels of organic matter and deoxygenation and finally imbalance of hydrological dynamics.
To measure the degree of disturbance and the impact of land use change on the hydrological dynamics, using the remote sensing and geomatic provides a way unequivocal to predict this change and their connection with hydrological models that allow quantifying the potential imbalance of the water resource.
We therefore propose to use the module land change modeller (LCM) of IDRISI-Taiga Software for modelling the land use evolution.
The results of this prediction of land use will be introduced in a hydrogeochemical model to reconstruct chronic flow in outlet of the Loire watershed. The chronic analysis used to estimate variances and therefore the degree of disturbance of the hydrological dynamics of the Loire.
Further, the impacts of land use change on river basin hydrology are interlinked with impacts of climate change. Observed climatic changes in France include warming from 0.7 to 1.0°C following regions and decreased precipitation for the West of France over the period 1901 to 2000 (ONERC, 2012 . Future projections by the Intergovernmental Panel on Climate Change (IPCC) include warming from 0.5 to 1.5°C and around -10% decrease in precipitation by 2030 to 2050 (ONERC, 2012; IPCC, 2007) .
Overall, in the Loire watershed, annual temperature is projected to increase and annual mean rainfall is projected to decrease during the first part of the century (Artelia, 2013) .
The simulated flow regimes under different scenarios of change allow creasing an effective planning of water resource use and protection under changing conditions of the basin.
The main purpose of this study is to assess the sensitivity of land use and climate changes on the water flux of the Loire River in France.
For this purpose, scenarios of land use change are developed based on trends and information from the results of LCM model using the land use maps of 1985, 2000 and 2013, and climate change predictions are considered based on the IPCC (2007). The results of this research provide a decision support system for integrating watershed management; they also provide an evaluation of the application of hydrogeochemical models such as the WARMF for large watersheds.
Methodologies

Study area
The Loire watershed has an area of 117,000 km 2 that is more than 20% of France ( Figure 1 ). It is an agricultural and a little urbanised basin where include main cities such as Nantes, Angers, Tours, Orleans and Saint-Etienne (Leprieur et al., 2008) . With the length of more than 1,000 km, the Loire is the longest river in France. It rises in the highlands of the south-eastern quarter of the Massif Central in the Cevennes range at 1,350 m near Mont Gerbier de Jonc.
The river flows first to the north across the Massif Central, and then turns to the northwest through Nevers to Orleans and the southwest after Orleans. Eventually, it flows into the Bay of Biscay (Atlantic Ocean) through an estuary located at Saint-Nazaire (Loire-Atlantique).
LCM: land use change prediction
This modelling is based on the principle of Markov chains, such as in equation (1) (Weng, 2001) to predict the future land use of the Loire watershed for the next 15 years.
where X 0 , X 1 , …, X t-1 are the observed values of the Markov chain in the discrete-time (0, 1, 2, …, t-1).
The matrix P{X t = a j | X t-1 = a i } is known as the transition probability and indicates the probability that the process makes a transition from state a i to state a j after a period of time (t).
Several assumptions are issued for the application of Markov chains, one of which is to consider land use and its change as a stochastic process, and the different categories are the states of a Markov chain (Haan, 1977; Stewart, 1994; Griffiths, 2010; Mubea et al., 2010) .
Model WARMF: hydrological dynamics evaluation of the basin
The WARMF model is a decision support system for the integrated management of water resources in large watersheds. It is capable of simulating the water quantity and quality. It is an independent model where a dedicated block modelling incorporating the main hydrological and hydrochemical equations, a data management system and a graphical model dedicated to the display of results . WARMF has five modules (data, engineering, knowledge, TMDL and consensus) integrated easily accessible via a graphical user interface (GUI). These modules can work independently each other or together. The application of WARMF model can be divided into four stages: 1 data preparation 2 sub-basin delineation 3 model calibration 4 scenarios analysis. Table 1 presents the data needed for modelling flow of the Loire watershed. Many of them were collected from services and administrations of the Loire and Bretagne watersheds, the water agency. Other data that we can consider as internal are issued from different treatments performed by us on the basis of data collected over several international websites (DEM, Images Landsat, …).
Data preparation
Mapping land use data
We used 36 scenes of Landsat images covering the entire Loire watershed: 12 scenes of Landsat4 TM (1985) , 12 scenes of Landsat7 ETM + (2000) and 12 scenes of Landsat8 OLI_TIRS (2013). All these images correspond to the same dry season (June to August), to avoid possible errors of classification due to seasonal variation of vegetation. They are also in the same spatial resolution (30 m). However, due to the heterogeneity of the acquisition dates, spectral resolution images, angle and the rotation of images, a preprocessing before classification was made to reduce the potential differences between the images. For this, three steps are necessary: geometric correction, atmospheric correction and mosaic. In this case, the atmospheric correction methods of Chander and Markham (2003) , Ruelland et al. (2008) and Richter and Schlaepfer (2014) are used for TM, ETM + and OLI_TIRS images, respectively. Then, a quality evaluation of the samples was carried out on the basis of calculating the separability index between the image spectrums (ITT Inc., 2008) . Two indices were used, namely the transformed divergence (TD) and Jeffries-Matusita (J-M) (Richards and Jia, 2006) . They vary in the interval from 0 to 2. The higher values of these indices indicate better separability. To generate land use maps, the method of supervised classification using the maximum likelihood algorithm was used. For the purpose of this study, categories of three land use maps generated for the study area are: After the classification for the three land use maps (1985, 2000 and 2013) , a phase of accuracy estimation is needed to evaluate the deviations with respect to the results of field observations and auxiliary data. Two indices are used to evaluate the accuracy, the global accuracy and Kappa coefficient. It will be considered acceptable or satisfactory if the global accuracy reaches or exceeds 85% (Anderson, 1971) . The results of accuracy calculation for the three maps after the image classification are summarised in Table 2 . The global accuracy exceeds 86% and the values of Kappa coefficients are greater than 0.85, thus confirming the validity of the classification and the acceptable results. 
where T min = minimum temperature (°C), T max = maximum temperature (°C), Tdew = dewpoint temperature (°C). Then, the dT value was compared with the precipitation data to determine the cloud cover values, example:
Soil data
The WARMF model requires soil property data for the different layers of each soil type . Each soil layer has its own area, thickness, field capacity, saturated moisture content, horizontal conductivity, and vertical conductivity. Soil data were obtained from the Soil Map of France of 1/100,000 (Roque, 2007) . The most widespread soil type in the Loire Watershed consists: brown soils, brown calcareous soils, leached soils, degraded soils, rendzina soils, hydromorphic soils, alluvial soils, peat soils, podzols and sealed soils.
Observed flow data
The observed flow data was obtained for the Loire River from the 'Loir à Nantes' station (M6240010) located at the outlet of the basin. The observed flow values for the Loire River were used for calibration and validation of the model. The available flow data for the Loir à Nantes station ran from the year 1985 to the year 2013.
Sub-basin delineation
Topography is a necessary input in the WARMF model and is used in the delineation of the sub-basin and analysis of the land surface characteristics (width, long, slope, aspect, etc.) and drainage patterns (width, depth, slope, etc.) . It influences the rate of movement and direction of flow over the land surface (Shrestha et al., 2008) . The digital elevation model (DEM) of 30 m of resolution from the GDEM of ASTER was used in this analysis.
Model calibration and validation
Model calibration is performed by modifying the parameters of the WARMF model. The main parameters used for hydrology calibration are shown in Table 3 ), percentage pBias, and the total volume error are used to assess the accuracy rate of the flow simulation in the phase calibration. 
Hydrologic evolution: scenario analysis
Generation of land use scenarios
Many land use prediction models such as LCM, Markov chain, CA-Markov and GEOMOD, considered effectively for the predicting land use change, due to their coupling GIS and their potential of ecological simulation, have been developed (Eastman., 2009; Pontius and Chan, 2006; Tewolde and Cabral, 2011; Pijanowski et al., 2002) . The LCM module integrated in the Idrisi-Taiga software (Eastman, 2009 ) is used for assessing the land use change of Loire watershed. This module allows to identify the gradual transition from one land use category to the others as a sequential treatment giving rise, and final, to give both graphs and maps. This increases the capacity to assess the land use changes and can provide a prediction of the land use data for the next 20 years (Nghiem et al., 2013) . The transition assessment is based on the integration of static and/or dynamic variables, called explanatory, such as the network of road and river, DEM, slope, aspect, precipitation, soil types, etc. In order to predict the land use change in the medium term, the integration of variables, called planning reinforces and/or forcing potential changes is carried out. To calculate the probability of occurrence for each transition, the LCM model provided two options: logistic regression (LogReg) that takes into account the changes and potential explanatory variables (Kleinbaum and Klein, 2002) and multi-layer perceptron (MLP) neural network which assesses the nature of the relationship between transitions and the explanatory variables Several studies have shown that the MLP can provide good results with an accuracy rate of predictive maps greater than 85% (Dadhich and Hanaoka, 2010; Nghiem et al., 2013) . In addition, the MLP method shows some advantages: MLP requires less data (Atkinson and Tatanall, 1997; Martinuzzi et al., 2007; Dadhich and Hanaoka, 2010) , the volume calculation is less important than for the LogReg, and it is the best in the modelling of transitions (Eastman, 2009) . Therefore, using the MLP method is a reasonable choice for our study.
In this study, the reference maps of 1985 and 2000 were used in order to create the land use map to 2013 of the Loire watershed, by using the Markov chains. This phase is to evaluate the performance of the LCM model in the land use prediction.
For calibration and validation of LCM model, a comparative analysis between the prediction map and reference map after processing satellite images for the same date by using the confusion matrix. This matrix is based on the relationship between the number of correctly classified pixels and the total number of pixels of the image (Chuvieco et al., 2002) . Then, potential errors based on each model, omission and commission errors are evaluated. To evaluate the overall accuracy of the predictive map, the accuracy rate and Kappa index will be also used (Pontius et al., 2001) .
In this study, the accuracy rate of predictive map to 2013 exceeds 89% and Kappa index varies around 0.90, thus confirming the good fit of the predicted results and the proper calibration of the model. These results allow to generate the land use scenarios to 2020 and 2030 based on the previously explanatory variables which were selected for each transition. For example, Figure 3 illustrates the land use map to 2030. (Table 4) . 
Climate change scenarios
The climate change scenarios for this study were based on downscaled from climate projections produced by Meteo France (Artelia, 2013) , built from the IPCC (2007). The main points of climate analysis in the Great West to 2030 are following:
• The annual average temperatures will increase between 0.8 and 1.4°C compared to the average temperature of reference (reference period: 1971 to 2000) . This increase is more pronounced in summer, with temperature anomalies up to 1.8°C by 2030 on the Vendee, Loire Atlantic and the Morbihan.
• A moderate decrease in mean annual rainfall and an increase of drought episodes may occur. This increase can be from 10 to 30% of the time in a state of drought, with peaks up to 40%. Synthesis from the above results allows us to propose a scenario of climate change to adapt for the Loire watershed to 2030. For this scenario (2A), the expected temperature will increase to 1.5° and precipitation will decrease by 10%
Result and discussion
Model calibration
The calibration phases were carried out on the basis of data collected from services hydrometric monitoring of the Loire watershed. The calibration results confronted with observed data show that the anomalies are relatively low at the beginning of simulations and higher at the end of the simulation period (Figure 4) .
The Nash-Sutcliffe efficiency between simulated and observed flows varies around 0.80 and the R 2 coefficient is 0.75. The volume error (7.16%) is in the acceptable range of + -10% (Table 5) . Table 5 Statistical evaluations of the daily flows simulation of the Loire River (at Nantes) 
Parameters
Effects of land use changes on hydrology
The analysis of the flow evolutions at Nantes (outlet of the Loire River) are shown in Figure 5 . Curves 'baseline', '2020s' and '2030s' present the simulated flows and corresponding volumes, respectively, to the land use of 2013, 2020 and 2030. Several observations can be made from reading this figure:
• A flow decreases are recommended for the future resulting in more pronounced variations following the seasons. These variations may be due to changes in forest areas. This phenomenon is mainly due to the interception and consequently increasing the retention capacity of water by trees during the rainy season, and the increase of evapotranspiration during the dry season. Indeed, the presence of a dense canopy hinders greatly the flow of water to the ground by an interception process which retains a fraction of rainfall. This fraction is likely then to evaporate more quickly during the dry season and less rapidly during the rainy season (Bultot et al., 1972; Aussenac, 1975; Dumas, 2009) . For example, the analysis of the relationship between precipitation and the amount of water reaching the ground in forested areas of the Massif de la Chartreuse, showed that the variability of interception under the canopy depends on rainfall intensity (Dumas, 2009) . The interception rate is highest for very low rainfall, and conversely.
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• The lines of the mean monthly flows of the Loire at Nantes, for the different land use states of 2013, 2020 and 2030 show that the flows for land use to 2030 fall sharply during the summer season (May to October). A maximum decrease of the mean monthly flows, estimated at 10.6%, was recorded in September. This can be explained by the fact that forests are still green during this month which has a highly rainfall interception (month of very low rainfall, about 40 mm).
• Comparison between the mean monthly flows for the land use of 2013 and those for the land use to 2020 and 2030 shows a relative stable during the higher rainfall periods (January-March and October-December). Although the monthly rainfall recorded relatively high levels during these periods (about 90 mm), the anomalies of the mean monthly flows between baseline and land use of 2030s did not exceed 1%. This can be explained by the fact that during the winter period (January-March) and autumn (October-November), deciduous have lost their leaves, and thus cannot intercept rainfall. 
Combined effects of land use and climate changes on the hydrological dynamics
Concerning the land use change of the Loire watershed, the land use scenarios in this paper showed that the forest areas has clearly developed over the past 30 years and will continue if no action is implemented. Moreover, the study results of Artelia (2013) showed that climate change will affect this watershed, thereby confirming the close relationship between the two phenomena, even the causal effect between them. Therefore, the Loire watershed will be doubly affected in the future. Under the effect of the land use change, our results show that this change has a significant impact on the hydrology evolution of the Loire watershed. In this section, we try to evaluate the combined effects of land use and climate change on the hydrological dynamics for this watershed. For this, a scenario (2B) consists of two different scenarios (land use and climate changes) will be used. The amendment will one hand on land use predicted to 2030, and the two main climatic parameters, i.e., temperature will be increased by +1.5°C, and precipitation will be reduced by -10%. Figure 6 and Table 6 have the dual impact of land use and climate changes on the flows in the Loire watershed. Figure 6 shows that the scenario 2B has a more pronounced effect on the hydrological dynamics than on climate scenario (2A) and the land use scenario. Table 6 shows a significant decrease in the mean monthly flows for the September (-29.16%) which is higher than that induced by the land use change (-10.60%), and the only climate change (-18.36%) for the same period. For the scenario 2B (combination), the average annual flow can decrease by -23.51%, which is significantly greater than those of the 2030s and 2A scenarios, with the respective decreases of -3.10% and -20.19%. Finally, the combined impact of land use and climate changes can cause very significant reductions of flows for the Loire watershed. The causes of these reductions originate from the reduced precipitation and increased evaporation, especially due to the highly interception of the deciduous.
Conclusions
The use of remote sensing, GIS and their coupling with the hydrological models offer a reliable way to predict the dynamics of basins on hydrology, chemicals or even biology. France, like many experience countries a mass exodus of rural populations leaving large areas fallow. This accelerates the process of recolonisation by species evolved first by shrubs and then gradually by trees. We have also noted the extent of the phenomenon in mountainous areas where conifers (spruce essentially) accompanied by deciduous arrive to fill the space formerly occupied by grasslands or by agriculture. Using the remote sensing and processing of several satellite missions of the Loire watershed confirms this trend and the integration of different land use maps in a Raster GIS (Idrisi) for the purposes of predictive modelling shows that this trend is sustainable.
Hydrological modelling on the Loire watershed shows a tendency to reduced flows in the different outlets of watersheds and particularly in Nantes, main outlet of the Loire River. This dynamic tends to increase in the future under the leadership of global climatic phenomena. The integration of different climate scenarios from the IPCC confirms rising water shortages especially during the summer. The months of July-August and September are the most affected by the phenomena.
